Heat Heat

Membrane

_ |
(Hy) in l

7/

Bipolar Plate

(03) in

Water (H,0) out

Bl 11 e R [21]

Bl 1-2 H 2T 2 Rl
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Bipolar plates

— Non-metal Neon-porous graphite
plates Stainless Steel
*Austenitic
I *Ferritic
Non-coated
= Metals Metal plates
Bages Loatings
Cogfed e =4uminum Carbon-based
*Titanium = *Graphits
*Mickel *Conductive polymer
*Stainless Steel *Diamond-like
carbxon
*Self-assembled
monopolymers
Metal-based
*Graphite, *Noble metals
polycarbonate, *Carbides
I stainless stesl *hitrides
Metal
based
= Composites - -
Resin Filler
Thermoplastics *Carbon/graphite
*Pohyvinylidens fluoride) *Carbon black
Carbon == *Poihypropylens *Coke-graphite
based *Polyethylens
Themosels
*Epoxy resin
*Phenalic resins Fibrer
*“Furan resin *Carbon/graphite
iyl ester *Celluloze
*Cotton flock

B13-2 7442 FRFr bl s AR 424 Faitr [15]
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4— DM

- Conductive-tie
layer

<— Composite Plate

Conductive
particle

Graphite powder Polymer binder Additives

'

Compounding

l

[Tnjectinn maolding J

l

{ Abrasive blasting ]

)l 3-4 ®Sigracet PPG8 &ty & 7|2 [30]
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Graphate powder

Polymer binder

Additives

—

v

EE

Compounding

l

-

Conditioning

I

[ Injection molding ]

'

Abrasive blasting

L

Post cure

Machiming of
through holes

|

] 3-5 ®Sigracet BBP4 5t 41 & 4] [30]

B 4-1 BMC 4 &
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Rl 4-2 #R = 348

i TR

Bl 4-4 F i s

76



LA I

B 4-5 Instron-8848 fic4> Bl

Bl 4-6 Hodds\ i 2% 1%
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B 4-8 & RiRlE

B 4-9 Z R EIRES
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Bl 4-11 3% 3 &3 4 3 = 7 & ikge (FE-SEM)
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Factor A
{

-
e,
k B

Factor B
i (FF 4R
W 4-16 (e Sisk fe it ]

1.50

r——__! !_ﬂ_—qi

|

"

W 4-17 # 420 58 % < A
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B 4-18 = BLiF &+ % [51]

S = 1/3(5) +5p +53).

B14-19 w BIEL-2 pEdpis 1 T & [51)

= B I v 1 1 1
| L] #
o /L"..u" d 5
B %1
— A d
15 =
- | _
= 10
=
- asd :
“,i‘sm-—f*‘ .
U L i N § 4 8 { - | | I | i i i & i i i L 1d
1.0 1.5 20 25 A0 A5 &40 .5

FrIFE I CF

B14-20 @& * w BREFAE PR AR T IR * 2 KD FlEcH [53]
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Temperature("C)

140 —
12EI—-
1DD—_
EED—-
EEI—-
AD—_

20

20

40 4

-B0O — T T T T T |
i 20 40 B0 80 100
times(min)

B 4-22 % IR & frr B R
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NTHU MSE X50,000 100nm WD 85mm

-~ FE-SEM 50000 %

L
0, !

NTHU MSE SEI 100KV X50000 100nhm WD 7.3mm

Bl 5-2 2 K% i“444 % FE-SEM 50000 =

P
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, _‘L .

SEI  10.0kV X50,000 100nm WD 7.3mm

B15-3 % 4 § (* 44 % FE-SEM 50000 #
T e B

r 1) .
i ws ":"‘Q"- E

NTHU MSE

Bl 5-4 2 & % - 4F]4F % = FE-SEM 50000
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65 r

55 +

Flexure Strength (MPa)

50

45
CoO NiO Zn0 ITO

B 55 AXEE 7 E T5W% SR 2W% ~ Fer B3 5 s
ERE ﬁﬁg;,ﬂf:f;%tti,jwc Sphr z_ %% 3 &

Zn0 ITO

BI56 2747 E 75W% ERAGL2W% = fa2 F $5f 4
B+ ;}_;,913 4v 5 phr 2 &t b8 55 B

0.85

0.8

0.75

0.7

Impact (Ib-ft/in)

0.65

0.6

CoO NiO
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Conductivity (S/cm)

N
(-

wn
wn

CoO NiO Zn0 [TO

B 5-7 AR & ¢ B T5W%  BRURL2WI% e 53 F $ 55

v &b B Sphr 2. 3 &

65 1

50 1

Flexural strength (MPa)

45 v I v I v I v I v I
0 1 2 3 4 5
Nano-ZnO content (phr)
B 5-8FHZTFEZE 75W% -~ Bt & 2 wt% ~ ;‘;‘j:%cz et i 2

ERE I R TRy
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651

501

Flexural strength (MPa)

45

o 1 2 3 4 5
ITO content (phr)

F15-0 FIZF & 7 & 75Wi%  BRFL2W% 4 b3 4§
CAFIE B R 2 B 5 R

—a—ITO
—&A— Nano-ZnO
651
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o
2
<
S
o
%
g
>
)
o
S0 ——— 7T
0 1 2 3 4 5
Nano-particle content (phr)
B 5-10 2 % 2 & 75wt ~ a2 2wtd ~ & %Jiz‘]t SA A R |

EAF B BAT AR AL B ER R
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Impact strength (ft-1b/in)

065 v I v I v I v I v I
0 1 2 3 4 5
Nano-ZnO content (phr)
B 5-11 HZF & 7 & 75wWt% ~ &t 5 8 2 wt% ~ ﬂ]‘ SN R -
Fithph Rz 8 ni

0.90-
= 0.854
=
£ 0.80- ﬁ
e
-E'D <
c
£ 0.75-
g ]
a 0.70
E 4

065 v I v I v I v I v I

0 1 2 3 4 5
ITO content (phr)
B 5-12 HZ_F &% 7 & 75wt ~ &t 8 2 wtd ~ /‘]‘ e bl F

F V4FI R k2 B R R
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—8—|TO
—A— Nano-ZnO
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% 0.754
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@©
g 070%
0.65 v T v T v T v T v T
0 1 2 3 4 5
Nano-particle content (phr)
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AAE B R TR R L e R R
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S 40-
e
1=
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o 35
z
|_
30 T T T v T
0 1 2 3 4 5
Nano-ZnO content (phr)
Bl 5-14 Hz % % 7 & 75wt% ~ =l & 52 2 wt% ~ ”;J‘ S S SRR -

Flrap il PUA
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45+

Tensile strength (MPa)

30 M I M I M I M I M I

ITO content (phr)

B 5-15 B F 5 7 B 75 W% » ‘BRLE @ 2 W% ~ e F 0t Bl F o
FOAE R LR s R

—— Nano-ZnO

45 - —A—|TO
<
o
= 401
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o
2 354
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30 M I M I M I M I I
0 1 2 3 4 5
Nano-particle content (phr)
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s

AAF B BT IR ALEN HA R
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0 1 2 3 4 5
Nano-ZnO content (phr)
B 5-17 FRE 5 5 £ 75 W% » SBAE A 2WH% ~ i e 3 ot bl % of
FlspRa Ry s
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~ 801
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O
)
2 605
=
S ]
)
3 4
S 401
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ITO content (phr)
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—&—|TO
—&— Nano-ZnO

100 1

. 80-
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%)

2 60
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> 1
©

S 40-

20 v I v I v I v I v I
0 1 2 3 4 S)

Nano-particle content (phr)

5-19 A7 & ¢ £ 75Wi% » BRI 2 W%~ A e R e bl
*

FE B A CERE AL BT R

Nano-ZnO particle 0.5Phr
- — = Nano-ZnO particle 1Phr

1 Nano-ZnO particle 3Phr
1-2‘_ .- Nano-ZnO particle 5Phr

1.0-
0.81
0.6-
0.41
0.21
0.01
0.2
0.4

10° 10° 107 10° 10°

B 5-20 H 2% & 7 & 75 wt% ~ &t % 5 2 witd - ;',"]%4\:% el 6] 2 58
FBP AL FET =H
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Nano-ITO particle 0.5Phr
- — = Nano-ITO particle 1Phr
Nano-ITO particle 3Phr

1.2 - Nano-ITO particle 5Phr

1.0-
0.84
0.61
0.4
0.24
0.01
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Specific gravity (g/cm’)

1.624
160 M I v I v I v I v I
0 1 2 3 4 5
ITO content (phr)
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—aA— 7n0-168hr 85 °C/RH85 %
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—&—Zn0
—A— Zn0-500 thermal cycles
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NTHU MSE

F15-31 74 75 WI% T &4 %~ 2WbEst s % Ophr 4 § i 4]
47 FE-SEM #15 W

.
n

NTHU MSE SEI 100kV X500 10¢4m WD 7.7mm
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10.0kv X500

P P pr B i : 4 L

NTHU MSE SEI 100KV X500 104m WD 7.8mm

Bl 5-34 7 4e 75 WIN T & 45 * ~ 2wthomm gk s Sphr 7 F F i 4F]
& %> % FE-SEM %75 [l
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NTHU MSE S 100kV  X5000 1#m WD 7.4mm

SEI  100kV X5000 14m WD 82mm

B 5-36 i ¢ 75 W% 7 &4 A -2 Wiem s 3phr % K § 1 &
# % FE-SEM % & ]
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100KV X5000 14m . WD 7.8mm
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NTHU MSE 10.0kv 20000 14m WD 7.8mm

NTHU MSE SEI 100kV X50,000 100nm WD 8.2mm

il 5-40 7 v 75 W% E S b &k~ 2wWt% e s a2 3phr 2 o ¥ 1 4F]

7% * 2. FE-SEM %7m B
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